Introduction
Pain and negative affect often co-occur 5, 16 in both clinical and non-clinical presentations of pain. For example, Conrad et al. 10 found that compared with pain free matched controls, chronic pain patients have significantly greater depression and anxiety. This relationship also appears to occur in experimentally induced pain, with depressed mood related to reduced pain tolerance 48 and higher anxiety to increased pain intensity 41 .
Alongside these more general constructs, there are a number of specific anxiety and fear-related dimensions that relate to pain. For example, the pain-related dimensions fear of pain and pain catastrophizing have both been related to pain sensitivity, and both play a role in the development and maintenance of pain-related disability 3, 15, 20, 27, 39, 45 . There has also been interest in the fear of anxiety-related sensations (i.e., anxiety sensitivity; AS) and the closely related construct of illness/injury sensitivity (IS) 14, 18, 36, 43 . Finally, it is becoming increasingly recognised that pain and its associated expression occur within a social context, and so fears related to negative evaluation (FNE; fear of negative evaluation by others) may also be important 24 .
Although this research indicates that there are both general and specific anxiety-related constructs related to pain, we know less about how they are related to one another. In one of the few studies to examine some of these constructs together,
Vancleef et al. 44 found that IS and AS, but not FNE, were significant predictors of fear of pain and pain-related catastrophizing. However, it remains unclear the degree to which these anxiety-related constructs are distinct from one another, and what the degree of overlap is between them. If there is overlap between these measures, then some constructs may be redundant or less important. Similar observations have been Principal components analysis of affect measures 4 expressed more generally in the conceptualisation of anxiety and depression, where it has been shown that the scales used to measure these constructs not only need to share a set of similar symptoms, but can be differentiated by examining condition specific characteristics 46 . This possibility has yet to be examined in the context of pain-related anxiety. However, it seems likely that this group of questionnaires measuring constructs relating to negative affect, anxiety, and fear, may have underlying common themes. Indeed, previous research has shown there to be significant correlations between a number of these constructs (e.g. anxiety sensitivity, fear of pain, and pain anxiety 50 ).
Our interest here is in the experience of pain and affect in a sample unaffected by a clinical pain state; as such groups are likely to also suffer from co-existing anxiety and depression. Although a non-clinical sample will allow us to examine the naturally occurring relationships between such constructs, our longer term goal is to develop optimal measurement methods of affect in different pain populations. Thus we view the examination of the interrelationship of constructs in a large non-clinical sample as an important and necessary first step, especially given our focus on the function and fidelity of affect constructs and their inter-relatedness. We hypothesized that when these commonly used measures were examined concurrently, in the same population, that significant conceptual overlap would be found, and a higher order affective system would emerge that cuts across independently developed instruments.
Materials and Methods

Participants
The inclusion criteria for participation in this study included self reported good general health and English as a first language. Those reporting chronic pain Principal components analysis of affect measures 5 (over 3 months) were excluded. An opportunity and snowballing sampling approach was used. For example, students were recruited during lectures, University employees through invitation etc. A total of 508 healthy adults completed the study. Table 1 presents full demographic information for the sample.
Following Ethics Committee approval from the University of Bath, participants were provided with information about the study. The 508 who provided informed consent to participate were then asked to complete nine questionnaires. The constructs we sought to measure were based upon the constructs found in two models.
Firstly, the latest fear avoidance model of chronic pain 30 which includes the constructs anxiety sensitivity, negative affectivity, pain catastrophizing, fear of pain, and depression, which are all thought to contribute to the development of chronic pain.
Secondly, the hierarchical model of the relationship between negative emotionality, and lower-order constructs 22 which has been expanded to include pain relevant constructs 17 , which includes negative emotionality (NA), anxiety, illness/injury sensitivity, social evaluation sensitivity (fear of negative evaluation), anxiety sensitivity, pain catastrophizing, and fear of pain. In addition a measure of pain anxiety has been included due to the extensive research in pain on this construct as well as many of the others. The questionnaires were chosen based on theoretical grounds; they are generally viewed as good measures of the underlying constructs under consideration and are judged to be valid and reliable measures 17 . The short form of the Depression Anxiety and Stress Scale (DASS-21 23 ) was used as a measure of mood. There are seven items in the subscales relating to depression, anxiety, and stress. The questionnaire is rated on a four point Likert scale (0 = did not apply to me at all, 3 = applied to me very much, or most of the time).
Internal consistency (α = .87 to .91) and concurrent validity (.55 to .85) was found to be in the acceptable to excellent ranges 2 . All three subscales were used in the current study.
Fear of illness and injury
The Illness/Injury Sensitivity Index (ISI 42 ) is an 11-item self report which measures fear of illness and injury. Participants are asked how much they agree with each item on a five point Likert scale (1 = very little, 5 = very much). This questionnaire has acceptable internal consistency (α >.80) 42 . Factor analysis has revealed two factors, fear of injury and fear of illness 7 . In the present study these two factors were used as subscales.
Catastrophic thinking about pain shown to be a valid measure of the fear of anxiety 25, 33, 34 . The ASI is believed to measure three first order factors related to physical concerns, mental incapacitation concerns, and social concerns, which in turn load on to a second order general AS factor 49 . The three subscales were used here.
Statistical approach
The data were analyzed using principal components analyses (PCA) in order to determine whether a smaller number of core components underlie the larger number of psychological constructs related to pain. PCA, like factor analysis, is an exploratory statistical technique used to reduce a large number of variables into a smaller number of subsets. Highly correlated variables which are largely independent of other subsets are combined into components 40 . For more information on this technique see Tabachnick and Fidell 40 . Oblique (oblimin) rotation was used in this case due to the predicted theoretical relationships between these negative constructs.
Comrey and Lee 9 give a guideline for sample size for PCA and suggest 500 to be a "very good" size. Therefore, our sample was perceived to be more than adequate.
Results
Descriptive statistics and correlations Table 2 presents descriptive statistics for the various measures. Table 3 reports the correlations between total scores, which reveals that they were all positively correlated, and so suitable for principal components analysis. Larger correlations were found within the general mood-related measures (i.e., PANAS-NA, DASS, and STAIt, FNES), and within the measures related to pain (i.e., PASS, PCS, FPQ, ASI, ISI).
This pattern of correlations suggest at least two clusters, one related to mood, the other more specific to pain.
TABLES 2 & 3 --------------------------------Principal Components Analysis
A principal components analysis was carried out on the subscale totals (or the total for those measures without subscales) of the questionnaires using oblique (oblimin) rotation due to potential for correlations between components. In addition, an item analysis was carried out in order to investigate whether the items of subscales load together on the same component. However, primarily the subscale analysis will be reported with reference to the item analysis where necessary. The subscale analysis produced four components with an eigenvalue greater than 1 (factor 1 = 8.2, factor 2 = 2.6, factor 3 = 1.6, factor 4 = 1.1, factor 5 = 0.9), while inspection of the scree plot suggested a three or four component solution. Since the third factor only added a fairly small amount to the variance (12.5%) a two factor solution was also considered. -
-------------------------------TABLE 4 --------------------------------Component correlations
As previously discussed, the three components were found to be correlated.
The largest relationship was found between the two pain related components 'fear of pain from injury/insult' and 'cognitive intrusion of pain' (r = .43). 'general distress' was also correlated with these two (r = .24, r = .31 respectively).
Discussion
The measures used in this study are commonly used in pain research and previous research has examined relationships between some of these constructs. With respect to the general distress component, items that loaded on it were related to anxiety, depression, negative affectivity and fear of negative evaluation. It was perhaps unsurprising that these constructs loaded onto the same component as they are conceptually closely related, especially depression, anxiety, and negative affectivity 46 . The other two components were more specifically related to pain. The fear of pain from injury/insult component included items concerned with fear about pain or physical sensations from injury/insult, illness and anxiety, whereas the cognitive intrusion of pain component contained items concerned with cognitive reactions to pain, especially in terms of being unable to take ones thoughts away from the pain.
Closer inspection of the fear of pain from injury/insult and cognitive intrusion of pain components suggests two main differences. The fear of pain from injury/insult component appears to be anticipatory, imagining how one would feel about certain Principal components analysis of affect measures 15 circumstances, whereas cognitive intrusion of pain is linked to how one reacts to pain.
The second difference is that fear of pain from injury/insult is concerned with fear while cognitive intrusion of pain is concerned with anxious thoughts about pain.
Although fear and anxiety consist of cognitive, physiological, and behavioural dimensions, fear tends to have a more short-term arousal-like quality associated with it, whereas anxiety has a greater cognitive component, and is less physiologically focused 3, 6 . Therefore, fear of pain from injury/insult may be measuring a more emotional and physiological fear factor, while cognitive intrusion of pain has a more cognitive focus, especially given that the top-loading items tended to relate to intrusive thoughts about pain. Interestingly, other anxiety-related constructs have also made a distinction between emotional and cognitive components (e.g. test anxiety 21, 29 ), and so in the same sense the pain questionnaires used here could also be accessing different emotional (fear of pain from injury/insult) and cognitive components (cognitive intrusion of pain).
A second point is that examination of the content of the PASS and PCS reveals that some of it is comparable. This suggests that both measures may be accessing the same (latent) construct that we have labelled 'cognitive intrusion of pain'. If two questionnaires are being used to measure essentially the same latent construct, then this may have implications in terms of research and for clinical studies, although recognizing that this solution has yet to be replicated with clinical samples.
Likewise, inspection of the measures found in fear of pain from injury/insult, the FPQ, ASI, and ISI demonstrates that although the three constructs being measured are related to a different fear: fear of pain from injury, fear of sensations from anxiety symptoms, and a fear of illness/injury, they are also conceptually related, and generally concerned with fear of bodily harm. Therefore, the three questionnaires may Principal components analysis of affect measures 16 be measuring the same underlying construct 'fear of pain from injury/insult'.
However, since the questionnaires do appear to be measuring different fears, 'fear of pain from injury/insult' may be a higher order factor, with 'fear of pain', 'fear of injury/illness', and 'anxiety sensitivity' being lower order factors in a hierarchical structure. This may be of interest to those researchers who have suggested a hierarchical model of negative emotional 22 and pain-related constructs 17 .
Interestingly, the three components found here appear in one form or another within the fear avoidance model 45 which suggests that negative affectivity, pain catastrophizing, and pain-related fear are integral in contributing to the development and maintenance of chronic pain. Amended versions have included anxiety sensitivity 30 and pain-related anxiety, although it appears to be portrayed as separate to pain catastrophizing 3 . The results of the current study suggest that there may be overlap between questionnaires that are used to measure pain-related anxiety and pain catastrophizing (the PASS and PCS), and so the fear avoidance model may need to take this into consideration. Indeed, although fear of pain has been suggested to be critical in the development of chronic pain and pain-related disability 20 , less is known about whether illness/injury sensitivity and anxiety sensitivity contribute to the development and maintenance of pain and disability. The results of this study suggest that the three constructs are closely related and so may also serve as vulnerability factors for the development of chronic pain. Therefore, a fear of anxiety symptoms and illness/injury may need to also be considered with respect to the fear-avoidance model and may also be an important area of focus in a clinical setting.
In another study to consider a number of self-report measures relevant to pain, Davidson et al (2008) 13 carried out an exploratory factor analysis (EFA) on a number of questionnaires including those measuring sensory pain, functioning, coping with pain, and pain disability in patients with chronic pain. Seven factors were extracted.
Measures of anxiety and depression loaded together, but the Pain Catastrophizing Scale also loaded onto this factor. However, since this study was examining a wide range of constructs measuring the different aspects of pain experience, it seems likely that when loaded into an EFA the Pain Catastrophizing Scale may load with depression and anxiety as other measures of negative emotions and cognitions. Since the present study only examined negative emotions and cognitions related to pain, this allowed a more detailed understanding of how these constructs related to each other.
Implications of this study are that some questionnaires used in pain measurement often have overlapping content and therefore one or more may be redundant. In addition, the findings contribute to the theory of the hierarchical model of negative and pain-related constructs 22, 17 . Further, the relationships found between the constructs may be of interest in terms of adding additional constructs or deleting certain constructs from the fear-avoidance model 3, 20 . Finally, the findings of this study can be used in the development of a brief questionnaire to reduce the number of measures necessary.
The study has some relevant limitations. First, we were interested in how the various constructs under consideration were related within a healthy sample i.e., in absence of chronic pain. It is entirely possible that an alternative structure may be found within chronic pain patients and extrapolation to clinical samples should be done with caution. Related to this is the idea that more specific constructs (e.g., worry about pain) may only become relevant in a chronic pain context as it is largely defined by the existence of repetitive threat. Additionally, although we excluded those with chronic pain, the experiences of pain of the sample in this study are likely to vary widely and include some participants who are familiar with pain. However, since Principal components analysis of affect measures 28 Note. FNES = Fear of Negative Evaluation Scale, NA = negative affect subscale of the Positive and Negative Affectivity Scale, STAI-t = Spielberger State-Trait Anxiety Inventorytrait version, DASS = Depression, Anxiety, Stress Scale, ISI = Injury/Illness Sensitivity Index, PCS = Pain Catastrophizing Scale, PASS = Pain Anxiety Symptoms Scale, FPQ = Fear of Pain Questionnaire, ASI = Anxiety Sensitivity Index. Salient loadings (=>.3) appear in bold.
